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Abstract. This paper reports on a measurement of the double-polarization observable G in pi0 photo-
production off the proton using the CBELSA/TAPS experiment at the ELSA accelerator in Bonn. The
observable G is determined from reactions of linearly-polarized photons with longitudinally-polarized pro-
tons. The polarized photons are produced by bremsstrahlung off a properly oriented diamond radiator. A
frozen spin butanol target provides the polarized protons. The data cover the photon energy range from
617 to 1325 MeV and a wide angular range. The experimental results for G are compared to predictions
by the Bonn-Gatchina (BnGa), Ju¨lich-Bonn (Ju¨Bo), MAID and SAID partial wave analyses. Implications
of the new data for the pion photoproduction multipoles are discussed.
1 Introduction
The spectrum of meson [1,2] and baryon [3,4] resonances
originates from the dynamics of quarks and gluons in the
non-perturbative regime of QCD. The quark model gives
a good estimate of the number of states to be expected
and of their approximate masses. However, in meson spec-
troscopy, there is possibly an excess in the number of
observed states compared to quark model predictions; in
baryon spectroscopy, the quark model predicts [5,6,7] the
existence of many more states than have been observed
experimentally, a fact known as the problem of the miss-
ing resonances. Recent lattice gauge calculations of the
baryon spectrum [8] confirm an excess in the number of
resonances. However, the pion mass used in the simula-
tions is still rather large. Possibly, the missing resonances
have a small coupling to piN and may therefore have es-
caped discovery. Photoproduction may hence be a better
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method for the search for additional baryon resonances. It
is not yet clear if dynamically-generated resonances [9,10]
come on top of these quark model states or whether they
are a subclass. Above the mass of about 1.9 GeV, baryonic
hybrids are predicted [11], states in which the gluonic de-
grees of freedom could manifest themselves in the form of
constituent glue. This prediction leads to an even larger
number of missing resonances.
The excited states cannot be directly measured since
they are broad and strongly overlapping (see Fig. 1). Data
with no polarization information give only access to the
quadratic sums of the amplitudes, allowing the determi-
nation of the dominant resonant contributions only. It is
therefore decisive to measure many different polarization
observables since these are sensitive to interferences of the
amplitudes. The large number of observables makes pho-
toproduction particularly well suited to search for weakly
coupling resonances. Only when a sufficient number of in-
dependent observables is measured with high precision,
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Fig. 1. The calculated Breit-Wigner distributions of the most
important resonances contributing to the total cross section
for pi0 photoproduction off the proton. Data points: [12,13],
resonance parameters from [14].
the four independent photoproduction amplitudes [15,16]
or at least the multipoles (up to a maximum orbital angu-
lar momentum) [17,18] can be determined without relying
on model assumptions.
During the last decade, a new generation of double-
polarization experiments, e.g. CLAS at JLab [19], CB at
MAMI [20] and CBELSA/TAPS in Bonn [21], were built
and have accumulated a large amount of data. They partly
continue to take further data [20,21]. These experiments
are all able to measure reactions with a polarized photon
beam and polarized target nucleons (protons or neutrons).
Even first experiments with measurements of the recoil po-
larization of the proton have been carried out [22]. This
leads to a new era in baryon spectroscopy since more pre-
cise data, covering a large energy and angular range, have
become accessible.
The first publications of double-polarization data were
mostly focused on the photoproduction of single pseu-
doscalar mesons, of Kaons [23,24,25,26,27], neutral pi-
ons [28,29,30,31], or η-mesons [32,33].
The photoproduction of a single pi0 was considered to
be a well-known reaction, and it was rather surprising that
even for this final state substantial disagreements between
data and predictions were found. The predictions of dif-
ferent partial wave analyses differed significantly [28]. The
new polarization data provide strong constraints for the
partial wave analyses (PWA) of the different PWA-groups
[34,35,36,37,38,39,40,41]. This will allow a better deter-
mination of the parameters of the resonances contributing
to the ppi0 final state.
In this paper we report on a measurement of the double-
polarization variable G for the reaction
−→γ −→p → ppi0. (1)
The measurement requires linearly-polarized photons and
longitudinally-polarized protons. A part of the data has
been presented in a letter [28]. Here, we give a detailed
account of the extraction of the beam asymmetry Σ and
of the double-polarization observable G and present the
full data set.
In an independent paper, results on the double-polari-
zation variable E will be presented [42] which uses circularly-
polarized photons and longitudinally-polarized protons.
The experimental setup and the event reconstruction are
fully described there. In section 2, we give a brief ac-
count of the experiment and of the reconstruction of the
events due to reaction (1). Section 3 explains how the dilu-
tion factor is determined which represents the fraction of
events assigned to photoproduction of a single neutral pion
off free protons in the target, and describes the extraction
of the polarization observables, of the beam asymmetry
Σ and of the double-polarization observable G. In section
3.3, the results are presented and compared to fits and
predictions by different partial wave analyses. The paper
concludes with a short summary.
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Fig. 2. The setup of the CBELSA/TAPS experiment.
2 Experimental Setup and Data Analysis
2.1 Experimental Setup
The CBELSA/TAPS experiment is shown in Fig. 2. It was
located at the ELectron Stretcher Accelerator ELSA in
Bonn [43] which provided a E0 = 3.2 GeV electron beam.
The photon beam was produced by bremsstrahlung off
different radiator targets which were mounted on a go-
niometer wheel. The energy of the generated photons was
determined by a tagging hodoscope [44] with an energy
resolution of better than 0.4% · Eγ . The goniometer con-
tained horizontal and vertical wires for the beam align-
ment.
Linearly-polarized photons were produced by coherent
bremsstrahlung off a diamond crystal [45]. Additional data
with an amorphous radiator were taken in order to deter-
mine the coherent contributions. The coherent spectrum
was extracted by dividing the spectra of the diamond crys-
tal by the amorphous ones. Three different configurations
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Fig. 3. The three different settings of the coherent edges, the
shaded areas mark the energy regions used in this analysis.
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Fig. 4. The target polarization during one beamtime of 40
days with positive (red) and negative (black) polarization.
of the coherent edge were used (see Fig. 3): at 950 MeV
with a maximal polarization of 65%, at 1150 MeV with
59% and at 1350 MeV with 56%. The degree of polar-
ization was extracted using a software [45] based on the
analytic bremsstrahlung (ANB) calculation [46]. To re-
duce systematic effects, the plane of the linearly-polarized
photons was switched by 90◦ every 15 minutes.
Beam photons impinged on the longitudinally polar-
ized frozen spin butanol (C4H9OH) target [47], which was
contained within a horizontal 3He/4He dilution refriger-
ator. The protons were dynamically polarized in a high
magnetic field typically up to 80% . The target polariza-
tion was measured by an NMR system with a precision
of 1,5%. During the measurements the polarization was
maintained in the frozen spin mode by an internal su-
perconducting ’holding coil’. Relaxation times up to 600
hours could be reached and the polarization has been re-
freshed every 48 hours. The polarization direction of the
protons was switched multiple times during a beam time,
to reduce systematic effects in the data. Fig. 4 shows the
degree of target polarization during a data-taking period.
For background studies, a carbon foam target [48] was al-
ternatively inserted into the cryostat, which had the same
mass area density as the carbon amount in the butanol
target.
The target was located at the center of the detector
system consisting of two calorimeters (Crystal Barrel and
MiniTAPS) which covered the full azimuthal range and
a polar angular range from 1◦ to 156◦ with respect to
the photon beam axis. The forward crystals were covered
by plastic scintillators in front of each crystal to iden-
tify charged particles. Inside the calorimeter, a three-layer
inner detector with 513 scintillating fibers was installed.
At the end of the photon beam line, a Gamma Intensity
Monitor (GIM) measured the photon flux. Additionally, a
thin conversion target with multiple scintillating detectors
were used, counting a known fraction of the total flux by
exploiting Compton scattering and pair production.
In the data analysis, events were selected with a beam
photon in the 617 to 1325 MeV energy range where linearly-
polarized photons were available. For photon energies 617 <
Eγ < 1117 MeV, a 33 MeV wide energy binning was cho-
sen, for 1125 MeV< Eγ , a 50 MeV binning was used.
During data-taking, a trigger on events with at least
two clusters in the calorimeter system was used. Addition-
ally, a Cherenkov detector between the two calorimeters
was used as a veto to reduce background due to pair pro-
duction.
2.2 Event reconstruction
Reaction (1) was identified via the pi0 → γγ decay mode.
In a first step, events with three or two hits in the calorime-
ters were selected. Two neutral hits were assigned to the
decay photons of the pion. Events with an additional hit
in either the calorimeters or the charge sensitive detectors
were selected if the third hit had been charged. This hit
was assigned to the proton. For events with only two neu-
tral particles in the calorimeters, no further kinematical
constraints on the direction of the particles could be ap-
plied. These events will later be referred to as two-PED
events, all events with a third, charged hit are the so-called
three-PED events.
For the three-PED events, kinematical cuts were ap-
plied to reduce the residual background. The difference in
φ of the proton and pion directions (Fig. 5, top) had to
be smaller than |∆φ| < 6◦, and the difference in θ of the
measured and the calculated proton directions had to be
smaller than 7◦ (Fig. 5, bottom), both representing ±1σ
wide cuts. Both distributions are shown for data taken
with the carbon foam target and with a butanol target.
The difference between the two distributions agrees very
well with the distributions that arise when liquid H2 would
be used as a target material.
Using the known energy and direction of the beam
photon and the momenta of the two photons from the
pi0 → γγ decay, the missing mass was calculated. The
missing-mass distribution, shown in Fig. 6 for three and
two-PED events, exhibits a clear signal at the mass of the
proton. Events satisfying 891 < Mp < 983 MeV, corre-
sponding to a ±1σ cut, were retained.
The distribution of the invariant mass of the two de-
cay photons of the selected events is plotted for two (three)
PED events in Fig. 7. A clear signal at the pion mass is
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Fig. 5. The distribution of the directional difference ∆φ be-
tween the meson and proton momenta (top) and the directional
difference ∆θ between the measured and the calculated proton
momenta (bottom) for the butanol data (black), the carbon
data (red) and the difference (blue) for a photon energy of
Eγ = 1000± 16 MeV.
seen which contains 1.9 (2.7) million events. The back-
ground is below 3% (0.3%). At higher mass, a peak stem-
ming from the η meson can be seen around 550 MeV. A
±1σ cut on the invariant mass of the two photons from
mγγ = 109 MeV to 162 MeV was used to select the reac-
tions containing a neutral pion in the final state.
Fig. 5 and 6 show that, due to Fermi motion, the dis-
tributions obtained with a carbon target are substantially
wider than those obtained when a H2 target is used. The
±1σ kinematical cuts reduce the unwanted contribution
of unpolarized nucleons bound in nuclei. For studies of
systematic effects, all kinematical cuts were also applied
with ±3σ widths. The effect of the cut width on the po-
larization observables will be discussed in the following
chapters.
3 Extraction of the Polarization Observables
The cross section for photoproduction of pseudoscalar me-
sons using linearly-polarized photons on longitudinally-
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3000
Fig. 6. The missing mass of the system for the three PED-
events (top) and the two+three-PED events (bottom) for the
butanol data (black), the carbon data (red) and the difference
(blue) for a photon energy of Eγ = 1000± 16 MeV.
polarized protons can be written as
dσ
dΩ
(θpi, φpi) =
dσ
dΩ
∣∣∣∣
0
· (1− pγΣ cos(2φpi)
+ pγpTG sin(2φpi))
(2)
with the unpolarized cross section dσdΩ
∣∣
0
and the degree
of photon (pγ) and proton (pT ) polarization. The angle
definitions can be seen in Fig. 8. Two polarization observ-
ables become accessible, the single-polarization observable
Σ, called beam asymmetry, and the double-polarization
observable G.
The butanol target contains polarizable protons from
hydrogen and unpolarizable protons and neutrons bound
in carbon and oxygen nuclei. The bound nucleons con-
tribute to the beam asymmetry Σ but not to G, since
they are unpolarizable. The measured distribution of the
number of events due to reaction (1) with a butanol target
NB is given by
NB(φpi, θpi)
N0(θpi)
= 1− pγΣB cos(2φpi) + pγpTGB sin(2φpi) (3)
where N0 is deduced by integrating over φpi. N0 can be
decomposed into the contributions of free (f) protons Nf0
and of nucleons bound (b) in nuclei, N b0 , with N0 = N
f
0 +
N b0 . The beam asymmetry ΣB and the observable GB off
the butanol target are related to the corresponding quanti-
ties for scattering off free protons Σ,G or bound nucleons
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Fig. 7. The invariant mass of the two photons for the three-
PED events (top) and the sum of three and two-PED events
(bottom) for the butanol data for a photon energy of Eγ =
1000± 16 MeV.
by
ΣB =
Nf0 Σ +N
b
0 Σb
Nf0 +N
b
0
; GB =
Nf0
Nf0 +N
b
0
·G. (4)
The ratio of the polarizable protons to all protons
d =
Nf0
Nf0 +N
b
0
(5)
is called the dilution factor and has to be determined to
extract the double-polarization observable G. The extrac-
tion of the dilution factor is explained in section 3.2 and
the extraction of the observable G will be shown in section
3.3.
The beam asymmetry Σ on the free proton cannot be
accessed by the measurement on the butanol target alone,
since contributions of bound protons of the carbon nuclei
are still present. Therefore further investigations of the
influence of bound protons have been carried out, which
will be discussed in section 3.1.
The experimental data have been fitted for each (Eγ , θpi)-
bin using the function
F (φpi) = A · (1−B cos(2φpi) + C sin(2φpi)) (6)
where the parameters B and C give access to the polariza-
tion observables ΣB and GB. An example fit to the data
is shown in Fig. 9, left.
Fig. 8. The coordinate definitions in the laboratory system
used in this work. The φ angle is defined between the polar-
ization plane of the photon and the reaction plane, while the
θpi angle describes the angle between the meson and the beam
axis.
The double-polarization observable G can also be de-
termined by analyzing the difference of the count rates
between two target polarization settings (⊕ and 	) and
the two photon polarization settings (+45◦ and−45◦) over
the sum:
(N⊕B −N	B )+45 − (N⊕B −N	B )−45
(N⊕B +N
	
B )+45 + (N
⊕
B +N
	
B )−45
= pγpT ·GB · cos(2φpi)
(7)
To extract the double-polarization observable G, again a
correction with the dilution factor is necessary.
3.1 The Beam Asymmetry Σ
According to Eqn. 4, the beam asymmetry of the butanol
target ΣB receives contributions from bound Σb and free
protons Σ. In a first-order approximation, Σb could have
similar values as the beam asymmetry Σ of free protons.
Nevertheless, the fraction of events in which pi0’s are pro-
duced off bound protons should be made as small as possi-
ble. By using only two-PED events where the proton had
been detected, it is also ensured that reactions on neutrons
are not contributing.
The influence of the cut width of the kinematical cuts
(∆φ and ∆θ) and the missing mass cut on the beam asym-
metry ΣB can be seen in Fig. 9. Applying ±3σ cuts to
select reaction (1), significant discrepancies are seen be-
tween the results using a butanol target and the GRAAL
data on free protons [49]. This is due to the larger amount
of reactions on carbon nuclei, which are contributing when
using wider cuts (cf. Fig 6). When ±1σ cuts are applied,
the beam asymmetry ΣB moves significantly closer to the
previous GRAAL data on free protons [49].
The resulting asymmetry ΣB for the full energy range
from Eγ = 617 MeV up to 1325 MeV is shown in Fig. 10
and compared to the previous measurements of Σ on free
protons by the GRAAL collaboration [49]. The good over-
all consistency demonstrates that the influence of nucleons
bound in nuclei can be controlled.
The systematic errors, shown as a gray band in Fig. 9,
are deduced from the maximal influence of the remaining
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Fig. 9. Left: An example fit to the φpi distribution of the pions for Eγ = 800 MeV. Right: The beam asymmetry for
Eγ = 1000±16 MeV on the butanol target ΣB (black points) for 3σ (center) and 1σ (right) wide cuts. The data is compared to
the GRAAL measurements on free protons (red points) [49]. Only one coherent edge was used here. The curve (a BnGa2014-02
fit) is drawn to guide the eye.
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Fig. 10. The beam asymmetry ΣB off the butanol target for different energies (black dots), compared to the GRAAL mea-
surements (red dots) [49] and the PWA solutions: BnGa (black solid line) [50], MAID (green dotted line) [34] and SAID (red
dashed-dotted line) [36].
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Fig. 12. Left: The observable GB without the dilution factor correction for ±3σ (red) and ±1σ (black) wide cuts. Center: G
with the dilution factor correction for ±3σ (red) and ±1σ (black) wide cuts. Right: The observable G extracted using Eqn. 3
(black) or 7 (red). Only statistical errors are shown. The curve (a BnGa fit [50]) is drawn to guide the eye.
fraction of carbon contributions in the data on the ob-
servable, the differences of the different methods outlined
above, and the systematic error of the linear photon po-
larization. The three components are added quadratically.
3.2 Determination of the Dilution Factor
The double-polarization observable G receives contribu-
tions from the polarized free protons only, see Eqns. (3,4)
or (3,7). The denominator in Eqn. (4) contains the number
of events in which a pi0 is produced off a bound nucleon;
hence the fraction of events produced off free protons rel-
ative to all produced events, the dilution factor d defined
in Eqn. (5), needs to be determined.
d is derived from distributions, which are sensitive
on the kinematical properties of the target material. Re-
actions on bound protons show broader distributions of
properly chosen kinematic quantities due to the Fermi mo-
tion inside the nucleus. In Fig. 5 the distribution of the
directional differences ∆φ – between the meson and pro-
ton momenta – and ∆θ – between the measured and the
calculated proton momenta – are shown for data taken
with a butanol and a carbon foam target. The distribu-
tion of the missing mass recoiling against the pi0 (i.e. the
proton) is shown in Fig. 6. Again the distributions of the
data taken with a carbon target are much broader than
those taken with a butanol target.
The missing mass distributions taken with the butanol
target are fitted with the distributions taken with the car-
bon foam target. The fit range is restricted to the mass
region, where reactions without Fermi motion cannot con-
tribute. The fit to the φ distributions and to the distribu-
tion of the missing mass recoiling against the pi0 results in
dilution factors consistent within 2%; therefore the latter
ones are chosen for further use since these are also defined
for the two-PED and not only for three-PED events.
The dilution factor is a function of the photon energy
and of the azimuthal angle of the neutral pion. The re-
sults are shown in Fig. 11 for two different energies. In
the forward direction (cos θpi > 0.4) a steep decrease of the
dilution factor can be observed. This effect is due to the
two-PED events where the proton is not detected. Since
the charge of the missing nucleon is unknown, reactions
on neutrons contribute to the data. This results in a low
dilution factor, and the error bars in this θpi regime in-
crease.
The dilution factor for ±3σ wide kinematical cuts is
shown in Fig. 11, and compared to the ±1σ cuts. The
carbon contributions are much larger with wider cuts, and
the dilution factor is smaller over the whole angular range.
However, the results on G do not depend significantly on
the kinematical cuts (see below).
3.3 Measurement of the Double-Polarization
Observable G
Figure 12 shows GB or G as a function of the pi
0 scattering
angle for one slice in photon energy in three different plots.
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Fig. 13. The double-polarization observable G for all measured photon energies (black dots), compared to the PWA predictions:
MAID 2007 [34] (green dotted line), SAID CM12 [36] (red dashed-dotted line), Ju¨Bo 2013-01 [37] (blue dashed line), and BnGa
2011-02 [39] (black solid line).
The curve represents the BnGa fit [50]. The black points
demonstrate the dependence of the result on the method
applied.
The left and center panel display the results for two dif-
ferent cut widths – 1σ and 3σ – without and with dilution-
factor correction, which are called GB and G, respectively.
Of course, a proper determination of the dilution factor is
decisive to obtain reliable results. However, the precise
cuts used to determine G have no significant impact on
the results: the center panel in Fig. 12 compares the final
result using ±1σ kinematical cuts with results when ±3σ
cuts are applied.
Finally, the double-polarization observable G can be
determined in two different ways, as described in equa-
tions 3 and 7. In both cases, as shown in Figure 12 in the
right panel, the different methods lead to fully consistent
results. The method using Eq. 3 is used to extract the
observable, since it exhibits slightly smaller errors.
Our final results are presented in Fig. 13. The fig-
ure shows the double-polarization observable G as a func-
tion of cos θpi for photon energies from Eγ = 617 MeV to
Eγ = 1325 MeV. The data and the statistical errors are
shown in black, the systematic errors as gray histogram.
The systematic errors are derived from five sources:
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Fig. 14. The double-polarization observable G for all measured photon energies (black dots), compared to the PWA fits to this
data set: BnGa 2014-02 [50] (black solid line), SAID [51] (red dashed-dotted line), and Ju¨Bo [52] (blue dashed line).
1. Variations of the dilution factor when the fit to the
missing mass distribution is changed;
2. the uncertainty of the background in the spectrum of
invariant masses in the forward direction;
3. the uncertainty of the dilution factor (deduced from a
fit to the coplanarity or missing mass distributions);
4. the systematic errors of the photon and the target po-
larization;
5. the differences obtained when different methods (Eqn.
3 and 7) are applied.
Symmetry principles enforce G = 0 for cos θpi = ±1.
Data at exactly these points do not exist but the most
forward or backward data points are compatible with a
curve vanishing at cos θpi = ±1. At low photon energies,
for Eγ < 900 MeV, the values of G as functions of cos θpi
show all negative values, with a single minimum at neg-
ative values of cos θ. With increasing photon energy, the
distributions become more complicated, with up to three
local minima and two local maxima.
In Fig. 13, the data are compared with predictions
from different PWA models: with BnGa 2011-02 [39], MAID
2007 [34], Ju¨Bo 2013-01 [37], and SAID CM12 [36]. The
comparison reveals that at lower energies, the MAID and
BnGa analyses can describe the data well, while for the
SAID results, a deviation at cos θpi ≥ 0.4 becomes ap-
parent. The predictions of Ju¨Bo show a similar disagree-
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Fig. 15. The energy dependence of G for four different angles,
compared to different solutions of the PWAs: BnGa 2014-02
[50] (black solid line), SAID [51] (red dashed-dotted line), and
Ju¨Bo [52] (blue dashed line).
ment as SAID for the two lowest photon energy bins at
Eγ = 633 and 667 MeV. The differences between the pre-
dictions of the MAID model and the data in the medium
energy region have already been discussed in [28] and
could be traced back to the multipoles E0+ and E2−. The
largest deviations between the different models can be ob-
served in the higher energy bins (Eγ > 1150 MeV). These
differences most likely occur since resonance contributions
in the fourth resonance region are not well known.
The new G data were communicated to the BnGa,
Ju¨Bo, and the SAID groups and new fits were performed.
These are presented in Fig. 14. The new fits, BnGa 2014-02
[50] (black solid line), SAID [51] (red dashed-dotted line),
and Ju¨Bo [52] (blue dashed line), reproduce the data rea-
sonably well. Only at higher energies small deviations be-
come visible. For convenience, we show the data in Fig. 15
for four slices in cos θ as a function of the photon energy.
All PWA fits can describe the new data very well at lower
photon energies, above Eγ > 1150 MeV the fit results
start to diverge. Here more precise data for G are needed
to constrain the PWA solutions.
The impact of the new data can be best seen when the
multipoles E0+, E2− and M2− for the dominantly con-
tributing resonances are compared [53]. The values of the
double-polarization observable G reported here have been
used as well as the data on the observables E [29], T , P ,
and H [30]. As an example, the real and imaginary parts of
the E0+ multipole derived from these new fits to the data
are shown in Fig. 16 and compared with the E0+ multi-
pole derived from the older fits. For the imaginary part of
the multipole, the spread of the solutions reduces consid-
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Fig. 16. The real and imaginary part of the multipole E0+, be-
fore the new data were included (left) and after (right), deter-
mined by the BnGa PWA (2011-02 [39] resp. 2014-2 [50]: black
solid line), the SAID (CM12 [36] resp. new fit [51]: red dashed-
dotted line), the Ju¨Bo model (2015-B [37] resp. new fit [52]:
blue dashed line) and the MAID model (green dotted line) [34].
The dashed lines mark the region covered by the observable
G. Additionally, the positions of the resonances N(1535)1/2−,
N(1650)1/2− and ∆(1620)1/2−, which contribute to the E0+
multipole, are marked with arrows.
erably: the new data with double-polarization observables
(G,E, T, P,H) have a decisive influence on the resulting
multipoles. For the real part, some reduction in the spread
is observed even though much less pronounced. Certainly,
more data and further analyses are both required before
the remaining discrepancies are resolved.
A longer paper with a comparison of all leading mul-
tipoles is in preparation [53].
4 Conclusion
The first measurement of the double-polarization observ-
able G over a wide angular and photon energy range has
been carried out with the CBELSA/TAPS experiment at
the ELSA accelerator in Bonn. Simultaneously, the beam
asymmetry ΣB has been determined using a butanol tar-
get and it has been compared to the previous measure-
ments on free protons. Small differences are attributed to
bound protons in the carbon atoms of the butanol, as con-
firmed by a measurement on a pure carbon target.
To extract the observable G, a precise determination
of the carbon contributions is necessary. With a measure-
ment on a carbon foam target, the energy and angle-
dependent dilution factor was extracted. It depends on
the kinematic cuts used to extract the observable, hence
the dilution factor is not a unique quantity and has to
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be extracted in correspondence with the observable to be
determined.
By comparing the new data on G to the predictions of
several partial wave analyses, differences can be observed
especially for higher energies. The new data sets give new
input to the partial wave analyses and allow to constrain
the multipole solution of the different analyses. A clear
convergence of the leading multipoles is seen, which is the
important intermediate step to extract properties of the
resonance spectrum of the nucleon. Still more precise mea-
surements of observables in single and double meson pro-
duction are necessary, in order to reach the final aim: one
unique solution for the multipoles and a solution of the
mystery of the missing resonances.
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